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(54) Wafer-level package and a method of manufacturing thereof 



(57) A wafer-level package (10A, 10B, 10C; 10D, 
10E, 10F. 10G, 10H, 101, 10J; 10K. 10L; 10M; 10N) in- 
cludes a semiconductor wafer (11) having at least one 
semiconductor chip circuit forming region (12) each in- 
cluding a semiconductor chip circuit each provided with 
test chip terminals (13A) and non-test chip terminals 
(1 3B) t at least one external connection terminal (14) , at 
least one redistribution trace (15) provided on the sem- 
iconductor wafer (1 1 ) , at least one testing member (16, 



27, 33, 36), and an insulating material (17 19, 20) A 
first end of the redistribution trace (15) is connected to 
one of the test chip terminals (13A) and a second end 
of said redistribution trace (15) is extended out to a po- 
sition offset from the chip terminals (1 3 : 13A, l3B).The 
testing member (16; 27, 33; 36) is provided in an outer 
region (18) of the semiconductor chip circuit forming re- 
gion (12), and the second end of the redistribution trace 
(15) is connected to the testing member ( 1 6, 27; 33; 36) 
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Description 

BACKGROUND OF THE INVENTION 

1 Field of the Invention 

[0001] The present invention generally relates to a 
water level package a method of manufacturing there 
of and a method of manufacturing semiconductor de 
vices from such a wafer-level package The present in- 
vention particularly relates to an improved wafer level 
package to he tested by a preliminary test (PT) and a 
final test (FI) , a method of manufacturing the wafer- 
level package, and a method of manufacturing semicon- 
ductor devices using such a wafer-level package. 
[0002j Recently there is a need tor more efficient 
manufacturing and testing processes of semiconductor 
devices In order to achieve this, a full test (including PT 
and F T) is implemented on an uncut semiconductor wa- 
fer before being cut into individual semiconductor devic- 
es As will be described below the full test has several 
advantages over the related art in which the semicon- 
ductor wafer is cut into individual semiconductor devices 
and each of the semiconductor devices are tested indi- 
vidually 

[0003] The advantages include good handling effi- 
ciency, a possibility of sharing certain equipment and re- 
duced space It the wafer si/es are equal handling 
equipment can be shared Also, it is possible to save 
space otherwise taken up as a storage area and/or an 
installation area when accommodating individualized 
semiconductor devices (LSI chips) in containers such 
as a tray 

[0004] f-or higher density mounting, there is an in- 
creasing need for a KGD (Known-Good Die) and a real- 
chip-size pac kago (a pac kage having the same size as 
that of the semiconductor chip) However, with the 
package structure of the semiconductor device of the 
related att, which does not correspond to the KGD or 
the real-chip size package the area of the package is 
greater than that of the semiconductor chip Therefore 
the semiconductor water must be individualized at some 
point before packaging Thus, with the package struc- 
ture of the related art the entire process, that is to say 
from a manufacture process to a test process, cannot 
be implemented on the semiconductor wafer 
[0005] However with the KGD or (he real-chip-size 
package since the final package configuration corre- 
sponds to the area i >\ the semiconductor chip, the entire 
p r ocess can be implemented on the semiconductor wa 
fer Therefore the above-described advantages can be 
obtained 

2 Description ot the Related Art 

[0006] Recently :here is an increasing interest in a 
wafer-level package which is a package structure with 
which the entire process from the manufacturing proc 



ess to the testing process can be implemented on a 
semiconductor wafer The wafer-level package includes 
a semiconductor wafer provided with a plurality of sem- 
iconductor chip circuits with chip terminals, external 

5 connection terminals, redistribution traces connecting 
the chip terminals and the external connection termi- 
nals, and an insulating material such as a sealing resin 
The insulating material is provided for protecting the 
semiconductor chip circuits and the redistribution trac- 

'0 es A structure without the -nsulating material is also 
possible 

[0007] The wafer- level package may be used in two 
different configurations One is in the form of a wafer (i. 
e before being cut) and the other is in form of individual 
'5 semiconductor devices (i.e . after c utting into individual 
semiconductor chip circuits ) 

[0008] In the following, the wafer level package of the 
above-described structure will be described with regard 
to a test process thereof With the wafer -level package, 
20 like that of the semiconductor devices of other configu- 
rations the manufacture pro: ess includes a test proc- 
ess The tost process generally includes a preliminary 
test (PT) and a final test (FT) 

[0009] The PT is a test implemented before providing 
25 the insulating material The PT is a general test such as 
a conduction test of the interconnections, and thus does 
not include the operation test of the semiconductor chip 
circuit itself. Since the P T is implemented before provid- 
ing the insulating material, the PT can be implemented 
30 using the chip terminals provided on the semiconductor 
chip circuit 

[0010] The PT is particularly advantageous for the 
package structure of the semiconductor devices of the 
related art (hereinafter, referred to as a conventional 

35 package) , which are not designed for the KGD or for 
the real-chip size pac kage In a manufacture process of 
the conventional pac kage the FT is followed by a cut- 
ting process (i.e., dicing process) for individualizing the 
semiconductor wafer into the semiconductor devices 

40 Then, only those semiconductor devices which were 
determined good in the PT, are provided with the insu- 
lating material and undergo the F T In other words those 
semiconductor devices, which were determined bad m 
the PT are not provided with the insulating material and 

^5 ri \so do not undergo the FT Thus the manufacture ef- 
ficiency can be improved 

[0011] The FT is implemented after providing Ihe in- 
sulating material The F T is a total test including the op- 
eration test of the semiconductor chip circuit Since the 

50 FT is implemented after the insulating material has been 
provided the F T can only be implemented using the ex- 
ternal connection terminals exposed from the insulating 
material. In other words the terminals (such as the chip 
terminals) other than those generally used by the users 

55 are not exposed Therefore, the chip terminals sealed 
in the insulating material cannot be used in the FT 
[0012] Therefore in the related art the wafer level 
package is tested by. first, implementing the PT before 
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providing the insulating material using the chip terminals 
which arc not yet covered with the insulating material 
After the PT. the insulating material is provided, and then 
the FT is implemented using the external connection ter- 
minals exposed Horn the insulating material 
[001 3] In the test process of Ihe related art the obje< t 
of implementing the PT is to improve manufacture effi- 
ciency by avoiding the insulating material being provid- 
ed on bad semiconductor devices and thus avoiding the 
FT being implemented thereon On the contrary, with the 
wafei -level package 1 all semiconductor chip circuits, in 
eluding circuits of the bad semiconductor devices are 
provided with the insulating material and undergo the 
FT, so that it is not necessary to implement the PT before: 
the FT 

[001 4] Also, as has been described above, the wafer 
level package is used tor simplifying the manufacture 
process by using the semiconductor wafer from the 
manufacture process to the test process F or further 
simplifying the manufacture process the PT and the F f 
which in the related art were implemented as two sep- 
arate tests can be integrated into a single test process 
[0015] When the PT and the FT are integrated into a 
single test process the integrated test process can be 
carried out either before providing the insulating mate- 
rial (i.e , when the FT is implemented in the related .art) 
or after providing the insulating material (i.e.. when the 
FT is implemented in the related art) When the integrat- 
ed test process is implemented before providing the in- 
sulating material it is not possible to detect any failure 
produced in the semiconductor chip circuit while provid- 
ing the insulating material. Thus, the test process should 
be implemented m a later step m the manufacture proc- 
ess of the semiconductor device. 

[0016] On the contrary, when the integrated test proc - 
ess is implemented after providing the insulating mate 
rial, only the external connection terminals exposed 
from the insulating material may be connected to test 
equipment (e g a semiconductor tester) That is to say 
the chip terminals include terminals which do not serve 
as the external connection terminals, but can be used 
for testing the semiconductor chip circuit (hereinafter re 
ferred to as test chip terminals) There is a drawback 
that the test chip terminals will be covered with the in- 
sulating material so that the Test using the test chip ter- 
minals cannot be implemented after providing the msu 
lating maiertal 

[0017] In order to avoid such a drawback test termi 
nals may be provided in a region of the semiconductor 
chip circuit region ; which terminals are exposed from the 
insulating material and are connected to the above-de 
scribed test chip terminals Thus, with such test termi 
nals, all tests including tho P7" and the Fl (full test) can 
be implemented after providing the insulating material 
[0018] However, the test terminals will not be used af- 
ter the test process, and thus become unw. tnted termi 
nals for the package Such test tormina's provided on 
the semiconductor chip circuit forming region results in 



an inc. rease in the si/e of the semiconductor chip circuit 
forming region due to an area occupied by the test ter- 
minals Accordingly, it is not possible meet the require- 
ment for a miniaturization of the semiconductor device 

5 [0019] Also, when the test terminals are provided at 
a position adjacent to the external connection terminals 
used for operating the semiconductor chip the test ter- 
minals may also be mistakenly mounted on a mounting 
board In such a case, a false operation may occ ur 

>o Therefore the test terminals should not remain on the 
pac kage after the insulating material has been provided 
[0020] Further, the PT can be omitted (that is to say, 
all tests can be implemented in the FT) but as has been 
described .above, not all test chip terminals can be used 

15 m the F T Therefore, tests, which used to be implement 
ed in the PT onty cannot be implemented F or example, 
rf the RAM and logic circuits are mounted m a mixed 
manner, a single test of the RAM cannot be carried out 
At the same time, recently, since a high reliability is re- 

-° quired for the semiconductor device the PT cannot be 
omitted just for the sake of simplifying the manufacturing 
process 

[0021] From the above- described reasixts, the FT 
and the FT have not been integrated m the related art 

-5 First the PT is implemented, and then the insulating ma- 
terial is provided. Finally, the FT is implemented There- 
fore, there is a problem that the manufacture prtjeess of 
the wafer-level package is complicated and thus the 
manufacture efficiency is decreased and the manufac- 

30 ture cost is increased 

SUMMARY OF THE INVENTION 

[0022] Accordingly, it is a general object of the present 
35 invention to provide? a wafer-level package, a method of 
manufacturing thereof and a method of manufacturing 
a semiconductor device from such a wafer level pack 
age which can solve the problems described above 
[0023] It is another and more specific object of the 
-to present invention to provide a wafer-level package, a 
method of manufacturing thereof, and a method of man- 
ufacturing a semiconductor device from such a water 
level package which can improve a manufacturing effi- 
ciency and reduce a manufacturing cost 
[0024] In order to achieve the above objects accord- 
ing to the present invention, .i wafer level package in 
eludes 

a semiconductor waler having at least one serrn- 
so conductor chip cue uit forming region each including 
a semiconductor chip circuit and a plurality of chip 
Terminals, the chip terminals including at least one 
test c flip termm.ll and at least one non-tost chip ter- 
minal 

55 at least one external connection terminal electrically 

connected to the at least one non -test chip terminal 
at least one redistribution trace provided on the 
semic onductor wafer, a first end of the redistribution 
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trace being connec tod lo one of the tost chip termi- 
nals and a second end of tho rodistnbution traco be- 
ing extended out to a position offset from the one of 
the chip terminals 

at least one testing member provided in an outer 
region of tho semiconductor chip circuit forming re- 
qion. the second end of the redistribution trace be- 
ing connected to the least one testing member; and 
an insulating material covering -it least the redistri- 
bution trace ; the at least one external connection 
terminal and the at least one testing member being 
exposed from the insulating material 

[0025] With the w. iter level package described 
above even when the testing member is provided, the 
semiconductor chip circuit forming region will not be- 
come large Therefore the size of each indrviduah/ed 
semiconductor device will be small compared to that of 
the structure in which the testing member is provided m 
the semiconductor chip circuit forming region 
[0026] Also, the testing member is provided in the out- 
er region of the semiconductor chip circurt forming re- 
gion, which outer region is to be removed upon individ- 
ualizing into semiconductor devices Therefore, even if 
the testing member is provided on the wafer-lovel pack- 
age, the operating condition of the individualized semi 
conductor device will not be altered 
[0027] In order to achieve the above object, a wafer 
level semiconductor device is disclosed which includes 

a semiconductor wafer having chip circuit forming 
regions 

at least one testing member provided in an outer 
region of the chip circuit forming regions and 
a line provided on the semiconductor wafer and 
connecting the at least one testing member and a 
test terminal provided in one ot the chip circuit form- 
ing regions 

[0028| It is still another ob|oct of the present invention 
to provide an easier method of manufacturing the 
above -described wafer icvci package 
[0029] in order to achieve the above object, a method 
of manufacturing a wafer level package includes the 
steps of 

a) preparing a semiconductor water having at least 
one semiconductor chip circuit forming region each 
provided with a semiconductor chip circuit and a 
plurality of chip terminals, at least one of the chip 
terminals being a test < hip terminal and at least one 
being a non-test chip terminal, 

b) providing a redistribution layer including an insu- 
lting film having through holes on the semiconduc- 
tor wafer and an electrically conductive film formed 
on the insulating film, the film being formed into re- 
distribution traces having a predetermined pattern 

c) providing external connection terminals and at 



least one testing member on the redistribution layer, 
the at (east one testing member being provided at 
an outer region of the at least one semiconductor 
chip circ i j it forming region and connected to the test 
5 chip terminal via at least one of the redistribution 

Ua<: ev 

d) testing the at least one semiconductor chip circuit 
jsmg the at least one testing member, and 

e) providing a sealing resin on the redistribution lay- 
/o er in such a manner that top parts of tho external 

connection terminals and the at least one testing 
member are exposed from the sealing resin 

[0030] With the above described method the oxter- 
's nal connection terminals and the testing members can 
be provided simultaneously. Further, the PT and the FT 
can be implemented simultaneously t hus, the package 
manufacturing process and the test process can be sim- 
plified 

20 [0031] It is yet another object of the present invention 
to provide an easier method of manufacturing at least 
one semiconductor device using the above described 
wafer -level package 

[0032] In order to achieve the above described ob- 
25 ject, a semiconductor device manufacturing method in- 
cludes the steps of: 

a) manufacturing the water level package as de- 
scribed abovci, 

30 b) testing the at least one semiconductor chip circ uit 
provided in the at least one semiconductor chip cir- 
cuit forming region by means of said at least one 
testing member, and 

c) after the step b) , cutting the wafer level package 
35 along the outer region so as to manufacture at least 
one individualized semiconductor devices 

[0033] With the above described method external 
connection terminals and the testing member can be 
40 provided simultaneously Further the PT and the FT can 
be implemented simultaneously Thus the package 
manufacturing process and the test process can be sim- 
plified 

[0034] Also, the testing member will be removed 
45 when individualizing the semiconductor devices, so (hat 
the operating condition of the .ndividualizod semicon- 
ductor device wll not be altered 

[0035] It is yet another object of tho present invention 
to provide a semiconductor device which can be manu- 
50 factured according to a method of the present invention 
[0036] In order to achieve the above object a semi- 
conductor device includes 

a semiconductor chip. 
55 a tost terminal and a non-test terminal provided to 

the semiconductor chip: and 

a line- which is connected to the test terminal and 
extends out of a circuit forming region 
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[0037] Other objects and further features of the 
present invention will bo apparent from the following de- 
tailed description when read in conjunction with the ac- 
companying drawings 

B RIfr F DESCRIPTION OF THE: DRAWINGS 

[0038] Fiq 1 is a diagram showing a connection state 
of a wafer -level package of a first embodiment of the 
present invention 

[0039] Fig 2 is a partial sectional view showing the 
wafer-level package of the first embodiment of the 
present invention taken along a broken line I -I 
[0040] Fig 3 is a plan view showing the wafcr-lcvel 
package of the first embodiment of the present inven- 
tion 

[0041] Fig 4 is a partial sectional view showing a wa 
fer-level package of a second embodiment of the 
present invention 

[0042] Fig 5 is a diagram showing a connection state 
of a wafer -level package of a third embodiment of the 
present invention 

[0043] Fig 6 is a diagram showing a connection state 
of a wafer level package of a fourth embodiment of the 
present invention 

[0044] Fig 1 is a diagram showing a connection state 
ot a wafer-level package of a fifth embodiment of the 
present invention 

[0045] Fig 8 is a diagram showing a connection state 
ot a wafer level package of a sixth embodiment of the 
present invention 

[0046] Fig 9 is a diagram showing a connection state 
ot a wafer-level package of a seventh embodiment ot 
the present invention. 

[0047] Fig 10 is a diagram showing a connection 
state of a wafer- level package of an eighth embodiment 
ot the present invention 

[0048] Fig 11 is a diagram showing a connection 
state of a wafer- level package of a ninth embodiment ot 
the present invention. 

[0049] Fig 12 is ^ diagram showing a connection 
state of a wafer level package of a tenth embodiment of 
the present invention. 

[0050] Fig 13 is a plan view showing a wafer -level 
package of an eleventh embodiment ot the present in- 
vention 

[0051] Fig 14 is a diagram showing a connection 
state of a wafer level package of a twelfth embodiment 
of the present invention 

[0052] Fiq 15 is a diagram showing a connection 
state of a wafer -level package of a thirteenth embodi- 
ment of the present invention 

[0053] Fiq 16 is a flowchart showing a method of 
manufacturing a semiconductor device using a wafer 
level package of one embodiment of the present inven 
tion. 

[0054] Figs 1 7A to 1 7D are cross -sections I diagrams 
showing a package manufacture process of the method 



of manufac turinga somicondu< tor device using a wafer 
level package of one embodiment of the present inven- 
tion 

[0055] Fig 18 is a cross-sectional diagram showing a 
5 test process of the method of manufacturing a semicon- 
ductor device using a wafer-level package of one em- 
bodiment of ttie present invention 
[0056] Fig 1 9 is a cross-sectional diagram showing a 
cutting proc ess of the method of manufacturing a sem- 
/o iconductor device using a water level package of one 
embodiment of the present invention. 
[0057] Fig 20 is a partial sectional view showing a wa- 
fer-level package of a fourteenth embodiment of the 
present invention 

15 

DETAIL-HP DESCRIPTION O F THE PREFERRED 
EMBODIMENTS 

[0058] in the following print iples and embodiments 
20 of the present invention will bo desc ribed with reference 
to the accompanying drawings 

[0059] Figs 1 to 3 are diagrams showing a wafer-level 
pac kage 1 0A of a first embodiment of the present inven- 
tion Fig 1 is a diagram showing a connection state of 
25 the wafer -level package 10A, F ig 2 is a diagram show- 
ing a connection state of the wafer-level package 10A 
and Fig 3 is a diagram showing a connection state ot 
the wafer level package 10A 

[0060] The wafer -level package 10A may be used as 
30 an uncut wafer or may be cut into individualized semi- 
conductor devices 40 (shown in F ig 19) having respec 
tive semiconductor chip circuits 

[0061] As shown in Fig. 2 the water-level package 
10A includes a semiconductor wafer 11 provided with 
external connection terminals 14 redistribution traces 
15, test terminals 16, and an insulating layer 17 (insu- 
lating material) 

[0062] The semiconductor wafer 1 1 is. for example, a 
silicon substrate provided with a plurality of semicon- 

-to ductor chip circuit forming regions 12 (hereinafter re 
f erred to as en cu it regions) The circuit region 1 2 is pro- 
vided with a semiconductor chip circuit and a plurality of 
chip terminals 1 3 formed thereon The chip terminals 1 3 
are connected to the semiconductor chip circuits Thus 

-*5 the sernic onducU >r chip circ uit will operate when signals 
and clcctncal power are supplied to the chip terminals 
13 

[0063] Also the plurality of chip terminals 13 may be 
categorized into two groups according to their functions 

■50 A first group includes chip terminals directly contributing 
to the operation * »f the semiconductor chip circuit and 
the other group includes chip terminals used only for 
testing the semiconductor chip circuit In the following 
description the chip terminals in the latter group (i.e., 

55 chip terminals used lor testing the semiconductor chip 
circuit) will be referred to as test chip terminals 1 3A The 
chip terminals other than the test chip terminals 1 3A will 
be referred to as non -test ( hip terminals 1 3B 
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[0064] The external < onnoction terminals 14 are tor 
minals used for mounting the wafer-level package 10A 
or the individualized semiconductor devices 40 on a 
mounting board (not shown) In the present embodi- 
ment, the external connection terminals 14 are directly 5 
provided on the non-test chip terminals 1 3B and are not 
provided on the test chip terminals 1 3A Therefore, in 
the present embodiment the external connection termi- 
nals 14 are provided at positions corresponding to the 
non-test chip terminals 13B The external connection w 
terminals 14 are provided so as to protrude by a pi ode- 
terminod amount from the upper surface of the semi 
conductor wafer 11 The external c. onnoction terminals 

14 may be provided by techniques such as sputtering 
deposition and metal plating 15 
[0065] The redistribution traces 15 are made of an 
electrically conductive layer and are formed into a pre 
determined pattern on the upper surface of the semi 
conduc tor wafer 11 One end of the redistribution trace 

1 5 is connected to the chip terminal 13(1 3A) while the 20 
other end of the redistribution trace 15 is connected to 

the test terminal 16 In the cross sectional diagram the 
redistribution trace 15 seerri to extend to the external 
connection terminal 14 however as can be seen in Fig 
1 in fact, the external connection terminal 1 4 is not con 25 
nected to the redistribution trace 15. Thus, by providing 
the redistribution traces 15 on the semiconductor wafer 
11, the chip terminals 13 can be extended to desired 
positions on the semiconductor wafer 11 Then, the ex- 
ternal connection terminals 14 or the test terminals 16 30 
can be formed at the desired positions 
[0066] Thus, by providing the redistribution traces 15 
there is gfeatnr freedom in the layout of the terminals 
That is to say with the redistribution traces 15, the re 
spective terminals 1 3 can be pulled out to positions not 35 
only within the circuit region 1 2 but also outside the cir- 
cuit region 1 2 Hereinafter, the region outside the circuit 
region 12 is referred to as an outer region 18. 
[0067] In the present embodiment, as has been de 
scribed above the external connection terminals 1 4 arc 40 
directly formed on the non-test chip terminals 13B 
Therefore the redistribution traces 15 extend only from 
the test chip terminals 13A. Also though not shown, an 
insulating film is provided on the upper part of the circuit 
region 12, and the redistribution trace 15 is formed on 45 
the insulating thm r he'eforc even if the redistribution 
traces 15 are formed on the circuit region 12, the redis- 
tribution traces 1 5 -ind the semiconductor chip circuit will 
not be shortc ircuited 

[0068] The test terminals 16 arc used for testing the so 
semiconductor chip circuit formed in the circuit region 
12 The test term ma is t6 are provided so as to protrude- 
by a predetermined amount from the upper surface ot 
the semiconductor wafer 11 In a similar matter to the 
external connection terminals 14. the test terminals 16 55 
may be provided by techniques such as sputtering, dep 
osition and metal plating 

[0069] Also, as shown in Fig 2. the test terminals 16 



are configured sue h that the height of the? protrusions 
and s.hapes thereof are equal to those of the external 
connection terminals 14 The test terminals 16 are, via 
the above-described redistribution traces 1 5. connected 
to the test chip terminals 13A provided in the c ircuit re- 
gion 12 Therefore, the test terminals 16 are terminals 
only used for testing the wafer -level par kage 10A 
[0070] The insulating layer 1 7 is made of an insulating 
material, e g SiCu, having a predetermined thickness 
The insulating layer 17 protects the semiconductor chip 
circuit provided in the circuit region 12 the chip termi- 
nals 13 ; and the redistribution traces 15 in the present 
embodiment the insulating layer 1 / is provided on the 
entire surface ot the semiconductor wafer 11, with the 
above described external connection terminals 14 and 
tne test terminals 16 being exposed (or protruded) from 
the insulating Layer 17 

[0071] Therefore, even after providing the insulating 
layer 17 on the semiconductor wafer 11 an electrical 
conduction with the semiconductor chip circuit can be 
achieved by means of the external connection terminals 
14 and the test terminals 16 

[0072] Now, the position of the test terminals 1 6 of the 
wafer-level package 10A of the above-described struc- 
ture will be described As has been described above, 
the test terminals 16 arc connected to the test chip ter- 
minals 1 3A via the redistr ibution traces 1 5 Also, the re- 
distribution traces 15 can be extended to positions not 
only within the circuit region 1 2 but also to the outer re- 
gion 18. 

[0073] The present embodiment is characterized in 
that the redistribution traces 15 are extended out of the 
circuit region 12 to the outer region ifv and the test ter- 
minals 16 are provided in the outer region 18 Also, 
when the water-level package 10A is used as individu- 
alized semiconductor devices 40, a cutting (scribing) 
process is implemented on the water -level package 
10A The test terminals 16 are provided on the positions 
to he scribed (i e T scribe regions) In Fig 3, the scribe 
regions are indicated by dash dot lines 
[0074] With the wafer-level package 10A of the 
present embodiment, each of the test chip terminals 1 3A 
is extended out of the circuit region 1 2 tothe outer region 
13 by means of the redistribution trace t5. Then ; at an 
end extended out in the outer region 18 the redistribu- 
tion trace 15 is provided with the test tcrminai 16 ex 
posed from the insulating layer 1 7 1 hus. the test termi- 
nals 16 can be used even after the insulating layer 17 
has been provided 

[0075] T hus since the test can be implemented using 
both the external connection terminals 14 and the test 
terminals 16 the PT, which was implemented before 
P'ovidmg the insulating layer 1 7. and the FT, which was 
implemented after providing the insulating layer 17, can 
now be implemented simultaneously Acc ordingly. with 
a simultaneous full test, the test process (manufactuie 
process) car be simplified and the manufacturing cost 
can be reduced 
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[0076] Also by providing the redistribution trac os 15, 
the test terminals 1 6 are provided in the outer region 1 8 
(outside the circuit region 12) Thus, the area of tho cir 
cuit region 12 will not increase even if the test terminals 
16 are provided Therefore, the size of the individualized 
semiconductor device 40 i^an be reduced 
[0077] Further, the outer region 13, in which the test 
terminals 16 arc provided, is a region to be removed up 
on individualizing the wafer level package 10A into the 
semiconductor devices 40 Therefore, when the semi- 
conductor devices 40 are individualized the test termi 
nrils 16 will be removed together with the outer region 
18, and will not remain on the semiconductor device 40 
Therefore, even if the test terminals 16 are provided on 
the wafer level package 1 0A, the operating c ondition ot 
The indrvidualized semiconductor device 40 will not be 
altered 

[0078] Also, in the above-described embodiment the 
test teiminals 1 6 are provided in the scribe regions (see 
Fig 3) However, the test terminals 16 can be provided 
at positions not only within the scribe regions, but also 
m other regions m the outer region 18 other than the 
scribe regions (e g , peripheral positions of the semicon- 
ductor wafer 1 1 ) 

[0079] In the following, a second embodiment oi the 
present embodiment will be described. 
[0080] Fig 4 is a partial sectional view showing a wa- 
ter-level package 10B of a second embodiment of the 
present invention In Fig 4 : components which are the 
same as those of the wafer-level package 10A of the 
first embodiment illustrated in Figs 1 to 3 are indicated 
with the same reference numbers, and detailed expla- 
nations thereof are omitted This also applies to each ot 
the embodiments described with reference to Figs 5 to 
20 

[008 1] In the wafer level package 10B of the second 
embodiment the semiconductor wafer 11 is provided 
with a redistribution layer 19. The redistribution layer 19 
is provided with the external connection terminals 14 
the test terminals 16 and a scaling resin 22 (insulating 
material) 

[0082] The redistribution layer 19 includes the redis- 
tribution traces 15. an insulating film 20, and through 
holes 21 The insulating film 20 is made of an insulating 
material e g S\Q 2 - and is provided with the redistribu 
lion traces 1 5 having a predetermined pattern Also the 
insulating film 20 is provided with the through holes 21 
The chip terminals 13 provided in Ihe circuit region 12 
and tho redistribution traces 1 5 are electrically connect- 
ed by means of the through holes 21 
[0083] The sealing resm 22 may be an epoxy -type 
resm and can be provided on the entire surface ot the 
semiconductor wafer 11 , for example, by molding Also, 
the above described external connection terminals 14 
and the lest terminals 16 penetrate through this sealing 
resm 22 and protrude upwards, so as to enable an elec- 
trical :onnection with an external part Also, the external 
connection terminals 14 are connected to the chip ter- 



minals 13 provided in the c ucuit region 12 by means of 
through holes 21 but such structure is not shown in the 
figure for the sake of clarity 

[0084] The water-level package 10B ot the above 

5 structure may also achieve the same effect as that of 
the wafer-level package 10A of Ihe first embodiment 
Further, m tho present embodiment the sealing resin 22 
is made of an epoxy type resin which is commonly used 
as the resin package material Therefore, tho semicon 

io dui tor wafer 1 1 (the semiconductor chip circuit, the re- 
distribution traces 15. etc) is securely protected, thus 
improving the reliability of the water-level package 10E3 
Also, the sealing resin 22 need not be made of the 
epoxy type resin but can also be made ot other resin 

1 $ such as polyirnide 

[0085] In tho following, a third embodiment ot the 
present invention will be described 
[0086] Fig 5 is a diagram showing a connection state 
ot a water-level package 10C of a third embodiment ot 

20 the present invention The wafer level package 10Aof 
the first embodiment described with reference to Figs 
1 to 3 relates to a structure in which the external con 
nection terminals 1 4 are formed directly on the non-test 
chip terminals 1 3B On the contrary, the present embod- 

25 imont is characterized in that it is provided with internal 
redistribution traces 23 inside the circuit region 12 so 
that the non-test chip terminals 1 3B and the external 
connection terminals 14 are provided at mutually offset 
positions 

30 [0087] Thus the positions of the external connection 
terminals 1 4 do not necessarily correspond with the po- 
sitions of the non test chip terminals 1 3B Also because 
the non-test chip terminals 1 3B and the external con- 
nection terminals 14 are provided at mutually offset po 

3S sitions. the circuit structure ot the semiconductor chip 
circuit within the circuit region 12 can be designed with 
greater freedom 

[0088] In the following., a fourth embodiment of the 
present invention will be dest ribed 

40 [0089] Fig 6 is a diagram showing a connection state 
ol a water-level package 10D of a fourth embodiment of 
the present invention. The wafer-level package 10D of 
the present embodiment is characterized in that a fuse 
24 is provided at an inter mediate position of one of the 

45 redistribution traces 15 extends out to the outer region 
18 The fuse 24 prevents an excessive power supply 
between the test chip terminal 1 3A and the test terminal 
16 One of the test chip terminals 1 3A is a power supply 
terminal and the test terminals 16 are connected to a 

50 power supply line 42 

[0090] For example when implementing a burn-in 
test on a wafer-level package, it is often difficult to pro 
vide a power supp'y line independently to each semi- 
conductor chip circuit. As m the present embodiment 

55 by sharing the power supply lire 42 between the plurality 
of semiconductor chip circuits, the burn-in test can be 
implemented at a reduced cost 

[0091] However, when sharing the power supply line 
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42 between the plurality of semiconductor chip circuits 
if a semiconductor chip >. ircuit has bad DC characteris- 
tics (power supply short i ircuit). there is a risk of burning 
olher semiconductor chip circuits By providing the fuse 
24. even if an exr. essive power supply occurs due to the 
presence of a bad semiconductor chip circuit the fuse 
24 will break so that other normal semiconductor chip 
circuits will be prevented from being damaged 
[0092] Further the fuse 24 will not remain on the; sem- 
iconductor device 40 since the fuse 24 is provided in the 
outer region 18, and thus is removed when individual!/ 
mg into semiconductor devices 40 Therefore, oven it 
the fuse 24 is provided, the operating condition of the 
individualized semiconductor device 40 will not be .al- 
tered 

[0093] In the following, a fifth embodiment of the 
present invention will be described 
[0094] Fig 7 is a diagram showing a connection state 
of a water-level package 10E of a fifth embodiment of 
the present invention The wafer -level package 10H of 
the present emb< >dirnent is characterized in that the test 
terminals 16 provided for respective ones of the plurality 
of circuit regions 1 2 are connected by a common line 25 
formed in the external area 18 

[0095] With this structure, by supplying test signals to 
one of the test terminals 16. the tost signals can be si- 
multaneously supplied to the plurality of lest terminals 
16 via the common line 25 Therefore a number of in 
tereonnections can be reduced Also, test efficiency is 
improved compared to a structure in which respective 
signals ar e provided to each one of the test terminals 1 6 
[0096] Also the common I me 25 is provided in the out 
er region 19 and thus is removed when individualizing 
into semiconductor devices 40. Therefore, even if the 
common line 25 is provided on the wafer-level pac kage 
I0fz : the operating condition of the individualized semi 
conductor device 40 will not be altered 
[0097] In the following, a sixth embodiment of the 
present invention will be des< ribed 
[0098] Fig 8 is a diagram showing a connection state 
ol h water-level package 1 OF of a sixth embodiment ot 
the present invention. The wafer-level package 10F of 
the present embodiment is characterized in that the non- 
test chip terminals 13B of the plurality of the scmicon 
ductor chip c ircirts provided on the semiconductor wa- 
fer 1 1 are connected by fining linos 26 In detail, in the 
embodiment shown in Fig 8. the chip terminal 1 3C pro 
vided in the circuit region 1 2A and the chip terminal 1 3D 
provided in the circuit region \2B are connected by the 
joining line 26 

[0099] Some of the n^ntest chip terminals 1 3B will 
bo used to improve the *cst efficiency and reduce the 
number of interconnections, so that such non-test chip 
terminals 1 3B may remain connected during the test 
Thus by connec ting sui h non-test chip terminals 1 3B 
(1 3C 1 3D) by the pining line 26. it is possible to improve 
the test efficiency and reduce the number of intercon- 
nections 



[0100] Also, the joining lines 26 are provided in the 
outer region 18. and thus are removed when individual 
i/ing into semicondui tor devices 40 Therefore, even it 
the joining Imes 26 are provided on the wafer-level pac k 

5 age 10F. the operating condition of the individualized 
semic onductor device 40 wilt not be altered 
[0101] In the following, a seventh embodiment of the 
present invention will be descubed 
[0102] Fig 9 is a diagram showing a connection state 

>o of a wafer-level package 1 0G of a seventh embodiment 
of the present invention The wafer-level package 10G 
ot the present embodiment is characterized in that the 
common lines 2b are provided in the outer region 18 
and the redistribution traces 15 are connected to these 

15 common lines 25 Also, a test pad 27 is provided at a 
part ot the common line 25. The test pad 27 is provided 
so as to be exposed from the insulating layer 1 7 (or seal 
mg resin 22) 

[0103] With the structure described above, the plural 
20 ity of redistribution traces 15 corresponding to the plu- 
rality of circuit regions 1 2 are connected via the common 
lines 25. Thus, by supplying test signals to the test pads 

27 the test signals can be simultaneously supplied to 
the plurality of semiconductor chip circuits via the com- 

25 rnon ime 25 Therefore, a number of mtet connections 
can be reduced Also since there is no need to provide 
the test terminal 16 for each of the semiconductor chip 
terminals, it is possible to simplify the structure and the 
manufacturing processes of the wafer-level package 

30 10G 

[0104] In the following an eighth embodiment of the 
present invention will be described. 
[0105] Fig 10 is a diagram showing a connection 
state of a wafer-level package 10H ot an eighth ombod 

35 iment of the present invention The wafer-level package 
10H of the present embodiment is characterized in that 
a plurality ot units 28 29 having different functions are 
provided in the circuit region 12 Also, the redistribution 
traces 15 are extended out from each one or a cornbi- 

40 nation of the plurality of units 28 29 to the outer region 
18 On the end positioned in the outer region 18, the 
redistribution trace 15 is provided with the test terminal 
16 

[0106] In detail in the present embodiment the circuit 
45 region 12 is provided with a logic part (LOGIC) 28 and 
a random access memory pfirt iRAM) 29 The LOGIC 

28 and the RAM 29 are connected by internal connec- 
tions 30. Also, the LOGIC 28 is provided with chip tor 
mmals (not shown) having the external connection ter- 

50 mmals 14 connected thereto. The semiconductor device 
having a mixed structure of units with different proper- 
ties or functions, such as the RAM and the LOGIC, is 
refened to as a system LSI device Recently, as a result 
of a higher density and higher performance of the som- 

55 (conductor devices, more system LSI devices are used 
However, it is difficult to individually test the units pro- 
vided in the system LSI device 

[0107] This is because these units arc interconnec ted 



8 



15 



EP 1 017 094 A2 



by the internal i onn actions 30 in the same <: ucuit region 
12 so that there may be a unit that cannot be directly 
accessed by the external connection terminals 14 For 
example, with the structure of the present embodiment, 
the LOGIC 28 and the RAM 29 are connected via the 
internal i onnec Hons 30, and the external connection ter- 
minals 1-1 serve as access terminals to the I OGIC 26 
Thus the RAM 29 cannot be directly accessed via the 
external connection terminals 14 

[0108] Now the function of the system LSI device will 
be described as a whole The LOGIC 28 accesses the 
HAM 29 via the internal connections 30 so as to acquire 
and pre* ess data in the RAM 29 Then the thus-ob- 
tained data is output from the external connection tor 
mmals 14 Therefore, with the system LSI of the struc- 
ture of the related art, it is not possible to directly access 
the RAM 29 In other words the RAM 29 cannot be test 
ed individually m the related art 

[0109] However with the structure of the present em- 
bodiment, it is now possible to test the RAM 29 individ 
ually The redistribution traces 15 are pulled out to the 
outer region 1 9 from the RAM 29 and the tost terminals 
16 are provided on the redistribution trace 15 Thus, the 
HAM 29 which is a unit that is not directly connected to 
the external connection terminals 14 can be tested 
[01 10] Accordingly since it is now possible to test the 
RAM 29 the reliability of the test can be improved Also, 
the redistribution traces 1 5 and the test terminals 1 6 will 
be removed when cutting the wafer level package 10H 
into individualized semiconductor devices 40 There 
fore the operating condition of the individualized semi- 
conductor device 40 will not be altered 
[0111 J In the following, a ninth embodiment of the 
present invention will be described 
[01 12] Fig 11 is a diagram showing a connection state 
of a wafer level package 101 of a ninth embodiment of 
tne present invention The wafer-level package UJI of 
the present embodiment includes a burn -in test circuit 
3:-' (Built-in Self Test BIST) The redistribution traces 15 
ate extended out from the BIST 32 to the outer region 
1H The test terminals 16 are piovided on the redistribu- 
tion traces 15 in the outer region 18 
[01 13] 1 he BiST 32 implements the test on a main cir- 
cuit pan 31, so that it is possible to read out only the 
result of the teM from the test chip terminals 1 3A How- 
ever the test chip terminals 1 3A scivmg as input/output 
terminals of the BIST 32 are used only in the PT (or can 
nut not be used in the FT), since; the tost chip terminals 
1 :<A cannot be left as the external connection terminals 
after wafer par, kagtng 

[0114] C >n the contrary with the present embodiment, 
the test chip terminals 1 3A serving as the input/output 
terminals of the BIST 32 attei wafer packaging can be 
accessed via the test terminals 16 and the redistribution 
traces 15 Thus a test using the BIST 32 can be imple- 
mented m the f T Thus, the PT will be not as necessary 
as it used to b»- so that the test (full test) can be imple- 
mented only with the FT and without the PT 



[0115] In the following, a tenth embodiment of the 
present invention will be described 
[0116] Fig 1 2 is a diagram showing a connection 
state of a wafer-ievel package 10J of a tenth embodi 

5 ment of the present invention The wafer lev( I package 
10J of the present embodiment is characterized in that 
a circuit exc lusivety used for a burn -in test 32 A (herein 
after referred to as a Bl circuit 32A) is provided in the 
outer region i B 

to [0117] In derail the redistribution trace 15 is provided 
from the test chip terminal 1 3A in the circuit region 12 
to the outer region 18 The redistribution trace 1 5 is con ■ 
nected to the Bl circuit 32A As has been described 
above, the E3I circuit 32Aand the redistribution trace 15 

'5 ate provided in the outer region 18 Also ; the test termi- 
nal 16 may be provided directly on the Bl circuit 32A 
[0118] Now a full test on the wafer-level package and 
the normal wafer (here the water-level package and the 
m irrnal wafer will be referred to as a wafer) will be do 

20 scribed In the related art the full test on the wafer was 
not often implemented before individualizing the wafer 
mto the semiconductor devices One of the reasons is 
that it is difficult to implement a bum -in test on the uncut 
semiconductor wafer. In other words, with the currently 

25 available contactor it is diffic utt to contact all ol the plu- 
rality of terminals (external connection terminals 14 and 
the test terminals 1 6) provided on each of the semicon- 
duc tor chip terminals provided on the wafer 1 his is also 
because there are several tens of thousands of termi 

30 n.ils provided on the wafer and thus the terminal pitch 
is narrow 

[0119] In order to minimize such a problem an at- 
tempt has been made to im orporale the Bl circuit 32A 
into the circuit region 12, and then contacting a few ter 

35 minals (burn-in terminals accessing the burn-in circuit) 
However with the wafer-level package of the related art 
m which the Bl circuit 32A is incorporated within the cir 
cuit region 12 the burn-m terminals will, together with 
the external cc >nnection terminals 1 4, remain in the sem 

40 (conductor device 40 thus producing the same problem 
as above 

[0120] However, with the structure of the present em 
b(xJiment : the redistribution traces 15 are pulled out 
from the Bl circuit 32A to the outer region 18 The test 

^5 terminals 16 serving as the burn-in. terminals are provid 
ed on the redistribution traces 15 in the outer region 13 
so that it is possible to access the Bl circuit 32A via the 
test terminals 16 Thus the Bl circuit 32A can be used 
after providing the insulating layer 1 7 (sealing resin 22) 

50 [0121] Accordingly, it is possible to implement a burn- 
in test on the wafer level pa* kage 1 01 so that a test with 
an increased reliability is possible Also, since the test 
terminals 16 will be removed when individualizing into 
the semiconductor devices 40, the operating condition 

55 of the individualized semiconductor device 40 will not 
be altered 

[0122] In the following, an e:oven:h embodiment ot 
the present invention will be described 
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[0123] Fig 13 is a plan view showing a wafer level 
package 1 0K of an eleventh embodiment of the present 
invention The wafer - level package 10K of the present 
embodiment is characterized in that a test history re- 
cording part 33 (test history storage) is provided in the 
outer region 1 f< on the semioonduc tor water 1 1 
[0124] The test history re< or ding part 33 is connec ted 
to all semiconductor chip circuits on the semiconductor 
wafer 11 via redistribution traces 35 exclusively used tor 
recording provided in the outer region 18 Also the test 
history recording part 33 is piovided with access termi- 
nals 34 (inpuLoutput terminals) 

[0125] The access terminals 3-1 protrude upwards 
from the insulating layer 17 (scaling resin 22) formed on 
the semiconductor wafer 11, so that is possible to ac- 
cess the test history recording part 33 after providing the 
insulating layer 1 / (sealing resin 22) By accessing the 
test history recording part 33 it is possible to store/re- 
trieve the test data such as test history and the positions 
of the bad semiconductor chip circuits 
[0126] With the wafer-level package 10K piovided 
with the insulating layer 17 or the sealing resin 22, the 
whole semic onductor wafer 1 1 is covered with the resin 
(in many cases a black resin) Thus, it is difficult to im- 
plement a visual inspection Also since the semicon- 
ductor chip circuits are provided on the semiconductor 
wafer 11 with h high density it is difficult to imprint char- 
acters or codes indicating a vast amount of test history 
information on the peripheral part of the wafer-level 
p.ickage 10k 

[0127] However with the test history recording part 
33 a vast amount of test history information of the wafer 
level package 10K can be easily written m/read out 
Thus efficiency and accuracy of the test can be im- 
proved Also, smce the test history recording part 33 is 
provided on the outer region 1 &, it will be removed when 
individualizing into the semiconductor devices 40 Thus, 
the operating condition of the individualized semicon- 
ductor device '10 will not be altered 
[0128] In the following ,3 twelfth embodiment of the 
present invention will be described 
[0129] Fig 14 is a diagram showing a connection 
state of a wafer -level package 10L of a twelfth embodi- 
ment of the present invention The wafer-level package 
101. of the present embodiment is provided with a test 
support element 36 tor testing the semiconductor chip 
circuit on the outer region 18 on the semiconductor wa- 
fer 11 Also the redistribution traces 15 connected to 
the test chip elements 13A provided in the circuil region 
1 2 are connected to the test support element 36 via the 
ci »mmon lino 25 

[0130] The test support element 36 may be an elec- 
tronic element such as a test LSI circuit or a resistance 
With the test support element 36, the efficiency of the 
wafer-level test can be improved Also, it is advanta- 
geous when implementing a highfroquency test, since 
U c distance between the test chip terminal 1 3A and the 
test support clomcnt '36 can be shortened 



[0131] Alsc.i iince the test support element 36 and the 
common line ; '5 are provided in the outer region 1 8 ; they 
will be lemovt'd when individualizing into the semicon 
due tor devices 40 Thus, the operating condition of the 
5 individualized semiconductor device ^0 will not be al 
tered 

[01 32] In th< 1 following, a thirteenth embodiment of the 

present invention will bo described 

[0133] Fig 15 is a diagram showing a connection 

'0 slate of a water-level package 10M of a thirteenth em- 
bodiment of the present invention The wafer-level pack 
age 10M of the present embodiment is characterized in 
thai the test terminals 16 and dummy terminals 38 are 
provided in an identification area 37 with a prodetcr 

'5 mined rule, thus enabling an identification 

[0134] The identification area 37 is provided in the 
outer region 18 of the semiconductor wafer 11 , and The 
test terminals 1 6 are connected to the corresponding cir 
cuit region 12 by means of the redistribution traces 15 

?o Also the dummy terminal 38 is not connected to tho re- 
distribution 1 1 ace 1 5, but has the same shape as that ol 
the test terminal 16 and is exposed from the insulating 
layer 1/ (sealing resin 22) 

[0135] As has been described above, it is difficult To 

2S visually inspect the wafer-level package 10K provided 
with the insulating layer 17 or the sealing resin 22. How 
ever, the test terminals 16 and the dummy terminals 38 
are arrange with a predetermined rule indicating tho 
characteristics (eg , indexrnark, type code, lot identrfi- 

30 cation) of the semiconductor wafer 1 1 and are exposed 
from the insulating layer 1 7 (sealing resin 22) There- 
fore, the semiconductor wafer 11 can be identified by 
viewing the positions of the test terminals 16 and the 
dummy terminals 38. so that the identification process 

35 can be implemented on the wafer-level package lOfvV 
which is not particularly suitable for visual inspection 
[0136] Further, the test terminals 16 and the dummy 
terminals 38 having the identification function are also 
removed when individualizing into the semiconductor 

^0 devices 40. Therefore, the operating condition of the in 
dividuaii/ed semiconductor device 40 will not be altered 
Also if the identification is possible by viewing the po- 
sitioning of the test terminals 16, it is riot always neces- 
sary to provide the dummy terminals 38 

45 [0137] In the following, a fourteenth embodiment ot 
the present invention will be described 
[0138] Fig 20 is a cross -sectional view showing a wa- 
fer level package 1 0N of a fourteenth embodiment of the 
present invention In wafer -level packages 10Ato 10M 

50 there is provided the insulating layer 17 or the scaling 
resm 22 on the redistribution trace 15 ; whereas the wa- 
ter-level package 10N is not provided with the insulating 
material (insulating layer 1 7 sealing resin 22, etc ) Note 
that an insulating film is provided between the semicon- 

55 ductor chip circuit and the redistribution traces 15 

[0139] With tho above -described structure, the redis 
tribution traces 15 are always exposed outside, so that 
the test terminals 1 6 can be formed on the redistribution 
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traces 15 exposed from the circuit 12 Thus, each of the 
semic onductor chip c ire uits can bo tested after the wa 
fer level package 10N has been manufactured 
[0140] However, as has been described, it is prefera 
bio that that terminals not used by the users aie not pro 
vidod in the circuit region 12 Thus, instead of the test 
terminals 16, flat i onnection pads capable of being i on 
nectcd to test contacts 41 can be provided in the circuit 
region 12 (see Fig 18) However, m ordei to achieve a 
proper connection with the Test contact, the connection 
pad must have a certain area Then, with this structure 1 
the area of the circuit region 12 will become too large 
[0141] On the contrary, with the wafer-level package 
10N of the present embodiment, the chip terminal 13 
used during the test is extended out to the position out 
side the circuit region 12 by means of the redistribution 
trace 15, while providing the test terminal 16 on the re 
distribution traces 15 thus extended out therefore the 
circuit regie >n 12 will not become iix> large even if the 
test terminals 16 are provided Therefore, compared to 
the structure where the test terminals are provided m 
the circuit region 12. the circuit reqion 12 can be used 
efficiently, and thus when individualized, each of the 
semiconductor device 40 will become compact. 
[0142] Also the test terminals 16 are provided at po- 
sitions to be removed upon individualizing into semicon- 
ductor devices 40 so that the test terminals 16 will not 
remain on the individualized semiconductor devices 40 
Therefore, even if the test terminals 16 are provided on 
the wafer-lcvcl package 10N, the operating condition of 
the individualized semiconductor device 40 will not be 
altered 

[0143] In the following a method ol manufacturing the 
semiconductor device (hereinafter referred to as a sern 
(conductor device manufacturing method) using the wa- 
fer level package of an embodiment of the present in 
vent ion will be described 

[0144] The semiconductor device manufacturing 
method will be described with reference to f igs. 16 to 
19 Fig 16 is a flowchart showing the semiconductor de- 
vice manufacturing method and F igs 1 7 A to 1 9 are de 
tailed diagrams showing the semiconductor device 
manufacturing method 

[0145] As shown in Fig 16, the semiconductor device 
manufacturing method of the present embodiment in- 
cludes a pac kage manufacturing process (step 1 ), a test 
process (step 2) and a cutting picx ess (step 3) 
[0146] In the package manufacturing process (step 
1 ) the wafer-level package 10B ol the second embodi- 
ment shown in Fig. 4 is manufactured In the test proc- 
ess (step 2), the semiconduc tor c hip circuits provided 
or the wafer -level package 1 0B are tested by means of 
the lest terminals 1 b and the external connection termi- 
nals 1 4 In the cutting process (step 3), the outer region 
1 8 (scribe regions) of the wafer-level pac kage 1 0B is cut 
so as to manufacture the individualized semiconductor 
devices 40 In the following each of the processes will 
be described in detail 



[0147] Figs 17A to 1 /D are diagrams showing the 
package manufacturing process istep 1) for manufac- 
turing the wafer-level package 10B In order to manu- 
facture the wafer-level package 10B, tirst. as shown m 
5 F ig 17A, the semiconductor wafer 11 provided with the 
cm uit regions 12 is prepared 

[0148] Then, as ^h< >wn in F ig 1 7B, the insulating film 
20 (Si0 2 turn) having a predetermined thic kness is pro- 
vided on the semiconductor wafer 1 1 Also, using a pho- 

io tohthography technique, small holes are formed in the 
insulating film 20 Then, tan electrically conductive film 
is formed on the insulating film 20 by plating (or by other 
thin-film forming techniques such as sputtering and dep- 
osition) Further the redistribution traces 15 having a 

'5 predetermined pattern are formed by etching 

[0 149] When providing the electrically conductive ma- 
terial, some of the electrically conductive material will 
be introduced into the above-described small holes, so 
that the through holes 21 are formed. Also, the lower 

20 ends of the through holes 21 are electrically connected 
to the chip teirmnals 13 (13A) provided in the circuit re- 
gion, and the upper ends are electrically connected to 
the redistribution traces 15. Thus, the redistribution lay- 
er 1 9 is formed on the semiconductor wafer 1 1 . 

25 [0150] Then, after providing the redistribution layer 1 9 
as described above, the external connection terminals 
14 and the test terminals 1 6 are formed as shown in Fig 
17C As has been described above, the external con- 
nection teimmals 14 and the test terminals 16 may be 

30 formed simultaneously because their shapes are iden- 
tical Therefore the present embodiment is described 
regarding to a case in which the external connection ter- 
minals 14 and the test terminals 16 are formed simulta- 
neously. 

35 [0151] In detail a mask having openings at positions 
corresponding to the external connects terminals 14 
and the test terminals 16 is used, and the external con- 
nection terminals 1 4 and the test terminals 16 arc grown 
by plating (or sputtering or deposition) The heights of 

•to the terminals 14, 16 may be adjusted by controlling the 
plating time Thus, m the present embodiment, since the 
external connection terminals 14 and the test terminals 
16 are formed simultaneously the manufacturing proc- 
ess can be simplified compared to a structure in which 

4S the terminals 14, 16 are formed in separate steps 

[0152] in the present emDodiment, the external Con- 
ner tion terminals 14 .-ire formed directly on the c hip ter- 
minals 13B provided on the semiconductor chip circuit, 
and the test terminals 1 6 are formed on the redistribution 

50 traces 15 Also, the test terminals 16 arc formed at the 
position outside the circuit area 12, i.e., in the outer re- 
gion 18 

[0153] After the external connection terminals 14 and 
the test terminals 16 arc formed m the manner described 
55 nhove. the semiconductor water 11 is mounted on the 
mold (not shown) and the 'osm mold process is imple- 
mented thus as shown in Fig 17D. the sealing resin 
22 is formed on the semiconductor wafer 11 As has 
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been described above, the sealing resin 22 may be 
made of an opoxy-type restn 

[0154] When forming the sealing resin 22, a molding 
process is implemented so that the predetermined top 
part of the external connection terminals 1 4 and the test 
terminals 16 are exposed fr< »m the sealing rosm 22 
Therefore, even after the sealing resin 22 (insulating 
material) has been provided the semiconductor chip c if 
cult is accessible via the external connection terminals 
14 and the test terminals 16. 

[0155] Thus by implementing the above -described 
processes the wafer-level package 10E* is manufac- 
tured 

[0156] The package manufacturing process (step 1) 
is followed by the test process (step 2) Fig 18 is a di- 
agram showing the test process 

[0157] In the test process, test contactors 41 connect 
ed to a semiconductor device tester (not shown) are 
brought into contact with the external connection termi- 
nals 14 and the test terminals 1 6 exposed from the seal 
ing resin 22 Then the PT and the FT. which are earned 
out in separate steps m the related art are implemented 
simultaneously 

[0158] That is to say m the present embodiment, the 
test terminals 16 connected to the test chip terminals 
T3A can be used after the scaling resin 22 (insulating 
material) has been provided Therefore the test can be 
implemented using both the external connection tcrmi 
nals 14 and the test terminals 16 Thus, the PT which 
is implemented before providing the sealing rosin 22 m 
the relatecJ art and the FT, which is implemented alter 
providing the scaling resin 22 (i c., a full test), can be 
implemented simultaneously Accordingly, the test proc- 
ess can be simplified. Also, the external connection ter 
mmals 14 can be provided with a greater pitch than that 
for the PT implemented on the wafer. Therefore, it is 
possible to reduce an accural y of the contactors con- 
nected to the external connection terminals 14 during 
the test Thus, it ;s easier to make contact 
[0159] In the embodiment shown in Fig. 18 the con- 
tactors connected to the external connection terminals 
14 and the test terminals 16 are shown as probe-type 
contactors but contactors of n membrane type may be 
used 

[0160] When the lest history recording part 33 is pro- 
vided as in the wafer-level package 10K of the eleventh 
embodiment shown in Fig. 13 the information obtained 
from the above-described test is stored in the tost history 
recording part 33 

[0161] Further, when the wafer-level package 10B is 
used as an uncut sonic onduc tot wafer, the cutting proc- 
ess (stop 3) described later is omitted and the wafer - 
level package 108 is mounted on the mounting board 
[0162] The above-described package manufacturing 
process (step 1 ) rind a test process (step 2) are followed 
by the cutting process (step 3) . As shown in Fig 19. in 
the cutting piocess the outer region 18 is cut and re- 
moved by means of a dicing saw 39 Thus, individual 



i/ed semic onductor devices 40 are formed 
[0 163] f he cutting positions (dicing lines) of the dicing 
saw 39 are at the outer region 18 as shown by the dash- 
dot line shown in Fig 3 Also, after the cutting process 

5 by the dicing saw 39. the si/e of the semiconductor de 
vice 40 viewed from above will be approximately equal 
to the si/e of the circuit region 12 That is to say, the 
semiconductor device 40 thus manufactured is a rcal- 
chip-si/e package 

w [0164] Since the dicing saw 39 will cut along cutting 
regions in the outer region 18 and the components (in 
the present embodiment the redistribution traces 15, 
the test terminals 16) piovided in the outer region 18 are 
removed during the cutting process According to the 

'5 structure of the present embodiment, the manufacturing 
process can be simplified compared to the structure in 
which separate processes for removing the components 
1 5, 16 are provided 

[0165] Also, since the redistribution traces 1 5 arid the 
20 test terminals 16 will not remain on the individualized 
semiconductor devices 40, the semiconductor device 
40 can be reduced m size T he presence of the redistri- 
bution trac es 1 i5 and the test terminals 16 will not alter 
the operating condition of the individualized semicon- 
2S ductor device 40 

[01 66] I he manufacturing method of the present cm 
bodiment has been described for the wafer level pack- 
age 10B. However, the water-level packages 10A, 10C 
to 10M of the first anci third to thirteenth embodiments 
30 can also be manufactured using generally the same 
manufacturing method and the same effects can be 
achieved 

[0167] Also, with the water-level packages 10A, 10C 
to 10M of each embodiment, the components provided 
35 on the outer region 18 will be removed in the cutting 
process Therefore the presence of such components 
will not alter the operating condition of the individualized 
semiconductor device 40 

[0168] Further the present invention is not limited to 
•*o these embodiments, but variations and rnodifications 
may be made; without departing from the scope of the 
present invention 

[0169] The present application is baseci on Japanese 
priority application No 10-374804 filed on December 
**5 28 1 998. the entire contents of which are hereby incor- 
porated by 'cfo-encc 

Claims 
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1. A wafer -level package (10A. 10B 10C 10D 10E 
10F, 10G; 10H 101. 10J: 10K: 10L. 10M. 10N) char- 
acterised by comprising 

55 a semiconductor wafer (11) having at least one 

semiconductor chip circuit form-ng region (12) 
each including a semiconductor chip circuit and 
a plurality of chip terminals ( 1 3. 1 3A. 1 3B) . said 
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chip terminals (13 i3A, 1 3B) mc luding at least 
one tost chip terminal (13A) and at least one 
non-test chip terminal (13B) : 
at least one external connection terminal (14) 
electrically connected to said at least one non- 
tost chip terminal ( 1 3B) 

at least one redistribution trace (15) provided 
on said semiconductor wafer (11) : a first end 
of said redistribution trace (15) being connect- 
ed to one of said test chip terminals (1 3A) and 
a second end of sard redistribution trace (15) 
being extended out to a position offset from said 
one of said chip terminals (13, 13A, 13EJ) 
at least one testing member (16: 27. 33, 3G) 
provided in an outer region (18) of said semi 
conductor chip circuit forming region (12) said 
second end of said redistribution trace (15) be 
mg connected to said least one testing member 
(16. 27; 33; 36); and 

an insulating material (17, 19, 20) covering at 
least said redistribution trace (15), said at least 
one external connection terminal (14) andsad 
at least one testing member (16; 27 33 36) be- 
ing exposed from said insulating material (17; 
19, 20) 

2. The wafer -level package (10B 10C, 10D 10E 10F, 
10G 10H 101: 10J; 10K; 10L; 10M; 1 0N) as claimed 
in claim 1, further comprising a sealing resin (22) 
provided on said insulating material (17; 19, 20) 
such that top parts ot said external connection ter- 
minals (14) and said at least one testing member 
(16 27, 33, 36) are exposed from said sealing resm 
(22). 

3. The wafer level package (1 OA 1 0B 10C 10D 10E; 
10F-'; 10G, 10H. 101. 1 0j 10K: 10L; 10M; 10N) as 
claimed in claim 1 ; characterised in that said at least 
one external connection terminal (14) and said at 
least one non-tost terminal are electrically connect- 
ed by an internal redistribution trace (15) in such a 
manner that said at least one external connection 
terminal (14) is provided at a position within said 
semiconductor chip circuit forming region (12) and 
offset from said at least one non-tost chip terminal 
( 1 3B ) 

4. The wafer-level package (100) as claimed in claim 
1 . characterised by further comprising an excessive 
power supply protection element provided in said 
outer legion (18) and between said test chip termi- 
nal (13Aj and said at least one testing member (16; 
27. 33, 36) 

5. The wafcr-levH packaged OA; 10B; 10C; 100. 10E. 
10F; 10H 101 10J 10M, 10N) as claimed in claim 
1. characterised .r that said at least one testing 
member (16: 27. 33, 36) includes at least one test 
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terminal (16) corresponding to said least one sem- 
iconductor chip circuit forming region (12). respec- 
tively, said test terminal being provided tn said outer 
region (1 8) 

5 

6. T'ne wafer-level package (10E ) as claimed in claim 
1 charat tensi.-d in that said at least one testing 
member ( 16. 27 33. 36) includes a plurality ot test 
terminals (16) corresponding to a plurality of said 

>o semiconductor chip circuit forming regions (12), re- 
spectively, and at least one common line (25) con 
netting said test terminals (16), said test terminals 
(16) and said common line (25) being provided in 
s,nd outer region (18). 

15 

7. The wafer level package (10E: 10G 10L) as 
claimed m claim 1. further comprising at least one 
common line (25) provided in said outer region (18), 
,-i plurality of smd redistribution traces (15) extend- 
ed ing out of a plurality of said semiconductor chip cir- 

t u it forming regions M2) being connected to said 
common line (25) 

characterised in that said at least one testing 
member (16, 27; 33 36) includes a test pad (27) 
25 provided at a pnrt of said common line (25) and ex- 
posed from said insulating material (17; 19, 20) 

8. The wafer-level package (10H) as claimed in claim 
1 characterised by further comprising a plurality of 

20 units (28 2 c -i) having different functions and provid- 
ed within said semiconductor chip circuit forming re- 
gion (12) a first end of said at least one redistribu- 
tion trace (15) being connected to one of, or com- 
bination of, said units (28,29) and a second end of 

25 said a! least one redistribution trace (15) being con- 
nected to said at least one testing member (16; 27; 
33 36) 

9. Jne wafer-level package (101) as claimed in claim 
40 i characterised by further comprising a test -pur- 
pose arc uit (32) incorporated m said semiconductor 
chip circuit forming region (1 2), a first end of said at 
least one redistribution trace (15) being connected 
to said test purpose circuit and a second end of said 

45 ri \ loast c^ne redistribution trace (15) being connect- 

ed to said at least one testing member (16. 27. 33. 
:«) 

10. The wafer-level package (10.1) as claimed in claim 
so 1 fjrther comprising a test-purpose circuit (32A) 

provided in said outer region (18) 

characterised in that said at least one testing 
member (16. 27 33. '36) is provided on the test-pur- 
pose circuit or on the redistribution trace (15) ex- 
55 tending from the test-purpose circuit (32A) 

11 The waft'r-lcvel package (10K) as c laimed in claim 
1 . characterised by further comprising 
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a history recording part (33) provided in 
said outoi region (18) and connected to said 
second end of a plurality of said redistribution 
traces (15) ; and 

input/output terminals (34) for writing into/read- 
ing <iut from said test history recording part 
said mput/output terminals {'M) being exposed 
from said insulating material (17. 19 20) 

12. The wafer-level package (10L) as claimed in claim 
1 . further comprising a common line (25) in said out- 
er region ( 1 ~) : a plurality of said redistribution traces 
( 1 5) extending out of a plurality of said semieonduc - 
tor chip circuit forming region (12) being conncc ted 
to said common line (25) , 

characterised m that said at least one testing 
member (16. 27. 33 36) includes a test supporting 
element 36) provided at a part of said common line 
(25) for testing said semiconductor chip circuit 

13. The wafer-level package (10M) as claimed in claim 
1. characterised in that said at least one testing 
member (16 27 33 36) includes a plurality of test 
terminals (16) provided with a predetermined rule 
in such a manner that said semiconductor wafer 
(11 ) can be identified from said positions of said test 
terminals 

14. A method of manufacturing a wafer-level package 
(10A. 10L3 10C 10D. 10E ; 10F; 10G; 10H; 101 10J; 
1 0K 101 10M 10N) charactrised by comprising 
the steps of 

ai preparing a semiconductor wafer (11 ) having 
at least one semiconductor chip circuit forming 
reqion ( 1 2) cacti provided with a semiconductor 
chip arc uit and a plurality of chip terminals ( 1 3. 
13A 13B), at least one of said chip terminals 
(13 13A 13B) being a test chip terminal (13A) 
and at least one being a non-test chip terminal 
(13B) 

b) providing a redistribution layer including an 
insulating film ( 19, 20) having through holes on 
the semiconductor wafer (11 ) and an electrical- 
ly c onductive dim formed on said insulating film 
(1^,20) said film (19 20) bemg formed into re- 
distribution haces(15) having a predetermined 
pattern 

O providing external connection terminals (14) 
and at least one testing member (16; 27, 33; 
36) i >n said redistribution layer said at least one 
testing member ( 1 6. 27 33, 36) being provided 
at an outer region (1 B) of said at least one sem- 
iconductor chip circuit forming region (12) and 
connected to said test chip terminal (13A) via 
at least one of sad redistribution traces (15); 
and 

d) testing said at least one semiconductor chip 



en cuit using said at least one testing member 
(16. 27. 33; 36) 

15. The method of manufacturing a wafer level package 
(10B 10C. 10D, 10E 10F. 10G. 10H. 101. 10J 10K. 
101. 10M 10N) as claimed in claim 14. 
characterised by further comprising the step of 

e) providing a sealing rosin (22) on said redis- 
tribution layer (13) in such a manner that top parts 
of said external connection terminals (14) and said 
at least one Testing member (16, 27. 33 36) are ex- 
posed from said sealing resin (22) 

16. A method of manufacturing a semiconductor device 
using a wafer level package (10A, 10B 10C, 10D, 
10E; 10F, 10G, 10H 101; 10J; 10K 10L. 10M, 10N) 
characterised by comprising the steps of 

a) manufacturing a water-level package (10A. 
10B. 10C 10D; 10E 10F ; 10G: 10H 101 10J: 
10K 101. 10M; 10N) mc luding a semiconductor 
wafer (11) having at least one semiconductor 
chip circuit forming region (12) each including 
a semiconductor chip circurt and a plurality of 
chip terminals (13, 13A 13B) said chip termi- 
nals (13 13A 13B) including at least one test 
chip terminal (13A) and at least one non-test 
chip terminal (13B) ; 

at least one external connection terminal 
(14) electrically connected to said at least 
one non-test chip terminal (13B) . 
at least one redistribution trace (15) provid- 
ed on said semiconductor water (11) , a 
first end of said redistribution trac e (1 5) be- 
ing connected to one of said test chip ter- 
minals ( 1 3A) nnd a second end of said re- 
distribution trace (15) being extended out 
to a position offset from said one of said 
chip terminals (1 3, 13A. 13B);and 
at least one testing member (16. 27; 33, 36) 
provided in an outer region (18) of said 
semiconductor chip circuit forming region 
( 1 2) said second end of said redistribution 
tiaco (1 5) being connected to said at least 
one testing member (16, 27, 33, 36), 

b) testing said at least one semiconductor chip 
rircuit provided in said at least one semicon- 
ductor chip circuit forming region (12) using 
said at <east one testing member (16; ?J, 33. 
36) , and 

c) after said step b) cutting said wafer-level 
package along said outer region ( 13} so as to 
manufacture at least one individualized semi- 
conductor device 

17. The method of manufacturing a semiconductor dc 
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vice using a wafer lev»>i package (10A 10B 1 00 
10D, 10E: 1 0F 100. 1'>H. 101; 1 0 J 10K. 10L 10M 
10N) as claimed in claim 16, characterised in thai 
in said step a) , said external connection terminal 
(14) and said at least one testing member (16. 27 5 
33. 36) are manufai tured simultaneously 

18. I he method ot manufacturing a semiconductor de- 
vice using a water level package as claimed in 
claim 16. characterised in that in said step c). struc- 10 
tuies provided in said outer region (13), particularly 
said at least one testing member (16 27; 33; 36). 

are removed simultaneously 

19. A wafer-level semit onductor device characterised '5 
by comprising 

a semiconductor wafer (11) having chip circuit 
terming regions (12) , 

at least one testing member (16; 27, 33, 36) 20 
provided in an Mut^r region (18) of the chip cir- 
cuit forming regions (12); and 
a line (1 5) provided on the semiconductor wafer 
(11) and connecting the at least one testing 
member(16: 27 33, 36) and a test terminal pro- 25 
vided in one of the chip circuit forming regions 
(12) 

20. A semiconductor device characteriseci by compris- 
ing 30 

a semiconductor chip; 

a test terminal (13A) and a non test terminal 
(13B) provided to the semiconductor chip, and 
a line (1 5) which is connected to the test termi- 35 
nal (13A) and extends out of a circuit forming 
region (12) 

40 
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